Introduction
Fruit and berries are of great importance to provide people with high-quality and varied nutrition; they, however, cannot be stored for a long time under conditions that are usual for the period of their gathering. It is possible to prolong their shelf life by processing them in different ways.
One of such techniques is to obtain natural vitamin carriers -fruit-berry semi-finished products (puree and pastes). It is necessary to use efficient equipment during production of pastes in order to provide optimum thermal modes with the aim of preserving qualitative characteristics at the main stages of production. The main stage of production is the concentration of fruit-berry puree that can be carried out in a rotor film device under conditions of increased heat transfer coefficients.
Enhancing biological value and medicinal-prophylactic properties of pastes is possible by blending raw materials into multicomponent fruit-berry semi-finished products, which would improve their attractiveness for consumers. One of the main tasks during blending is the selection of formulation components with natural energy value and attractive organoleptic properties. Since useful products do not always have pleasant basic properties, such as color, there occurs the need to study color formation at different stages of production of fruit-berry semi-finished products under conditions of properly treating them with heat.
Thus, it is an important task to ensure competitiveness of the produced high-quality fruit-berry pastes and to decrease costs of raw materials, as well as reduce resource utilization for production. This necessitates the need to extend the range of products of plant origin by using fruits, berries, vegetable raw materials, etc.
Literature review and problem statement
Given the fertility of land in Ukraine, it is possible to gather about 2 million tons of natural fruit-berry raw materials annually; however, only 50 thousand tons are actually gathered [1, 2] . In some cases, the cultivated fruits and berries with a high content of useful substances are planted [3] . The main reason for such a situation is the lack of innovative techniques for processing natural raw materials. Existing equipment for the production of natural semi-products (purees, pastes, etc.) is characterized by a significant duration of thermal treatment, high energy and metal consumption, which leads to substantial losses of BAS.
The most rational way to intensify the processes of treatment of natural raw materials is the introduction of innovative techniques and equipment, the use of which will Ключевые слова: природное сырье, вакуум-ный пленочный аппарат, интенсификация, структурно-механические свойства, цвето-образование ensure guaranteed production of high-quality semi-finished products at minimal consumption of resources [4] .
IMPROVEMENT OF
The main disadvantage during production of multi-component semi-finished products is significant losses of BAS when raw materials are thermally treated. First, it concerns the concentration whose duration in most evaporators can take from 100 to 400 min; in this case, losses of vitamin C may amount to 30...80 % [5] .
One of the promising techniques to intensify the processes of natural raw material concentration is the use of a film flow of liquid products, under the influence of gravity, centrifugal forces, and accompanying steam flow that occur in the rotor film devices (RFD). The use of RFD would make it possible to reduce significantly the duration of thermal treatment of products, to decrease the loss of BAS, to reduce dimensions of equipment and bring down maintenance costs, thereby excluding spoiling the products and their losses [6] . Given the transience of technical progress, even the effective varieties of RFD may offer the ways for structural modernization, which are primarily related to the system of heating and the geometric shape of blades [7] .
The existing RFD use in most cases either the steam or electric heating system with the application of various intermediate heat carriers. These combinations made it possible, over a long time, to ensure acceptable heat exchange coefficient through a wall to the raw material that is being concentrated. These heating systems are characterized by inertia, complexity of maintenance, metal consumption and, therefore, considerable dimension and weight parameters and costs [5, 6] . That is why there occurs the need to search for the ways of an innovative approach to these shortcomings by using modern low-inertial and less metal-consuming infrared heaters that are now produced even at the territory of Ukraine [7] .
When manufacturing multicomponent fruit-berry semi-finished products, it is necessary to consider medicinal-prophylactic properties of fruit and berry raw material, specifically, the content of biologically active substances (BAS), pectins, and to maintain the total acidity value at the level of 3.3…3.7 pH [6, 8] . In this case, determining the influence of biological substances on human health requires considerable attention because at present there is no unified procedure for its analysis. Competitiveness at consumer markets should also be taken into account, not only because of an increase in energy value of the product, but also because of attractive nutritious properties, such as physical appearance, color, taste, and flavor [9] . For example, when manufacturing bars based on fruit pastes, it is difficult to obtain the color and taste that are attractive to consumer, since it is necessary to take into consideration the influence of properties of each component and their mass content on the resulting color formation and taste.
It is the color that mainly characterizes quality of fresh raw materials and products, derived after technological operations [10] . This necessitates the study of methods for changing the color formation aimed at searching for the universal technique, which is a complicated technical task. There are a lot of methods for determining color formation, including organoleptic, instrumental methods, etc. [11] . Each of the known methods, however, has its own advantages and disadvantages, which requires their constant improvement and creation of universal devices. At present, production processes of various pastes, which in most cases require much time to process the technological data acquired, are optimized, based on sensory analyses [12] . To simplify the obtained data processing, specialized devices are developed for sensory estimation of products quality [13] . They, however, have a rather narrow range of food products in their computer database, and therefore are not universal.
Improvement of concentration equipment and substantiation of the production technique is a relevant task in the production of high-quality multicomponent natural semi-finished products. Applicable heating regimes and formulation ratios of components must be taken into consideration. It is also necessary to determine general quality indicators of the obtained semi-finished products. At present, monitoring of the quality of multicomponent compositions is increasingly conducted by using portable infrared spectrometers [14] . The data obtained will make it possible to optimize technological parameters for processing natural raw materials, define the color of products depending on the content of components at various production stages and ensure the guaranteed high quality of food products on their base. However, there is no a unified procedure for determining the color of food products.
Thus, there is a need in innovative approaches to improving existing devices for the concentration of raw materials in order to produce high quality products, which is expedient to obtain through artificial enrichment of compositions by their blending with a variety of natural raw materials, which is characterized by high content of BAS and medicinal-preventive properties. It is also necessary to examine the obtained structure of products after blending, as well as a change in color formation at all stages of the production of multicomponent compositions taking into account the effect of each natural component. Consideration of all the specified requirements will ensure the extension of assortment of high-quality multicomponent natural pastes.
The aim and objectives of the study
The aim of present study is to improve a rotor film device for the implementation of the proposed technique for producing high-quality multicomponent natural pastes with medicinal-preventive properties. This will make it possible to improve technical parameters of equipment, specifically to ensure an acceptable temperature mode for concentration, a decrease in metal consumption of structures, as well as extend the assortment of high-quality multicomponent natural pastes, based, for example, on apple, cranberry, and hawthorn.
To accomplish the aim, the following tasks have been set: -to perform the intensification of a heat exchange system by using an infrared electric heater, which would enable a decrease in metal consumption of RFD; -to propose a technique for producing multicomponent natural pastes with a high content of BAS and medicinal-preventive properties;
-to determine influence of each component on a change in structural-mechanical properties of the obtained multicomponent compositions;
-to confirm the retention of quality characteristics of multicomponent natural purees and pastes by analyzing their color.
Materials, methods of research into multicomponent natural compositions, and the experimental setup
Experimental research into improvement of the equipment and the technique for producing high-quality multicomponent natural pastes was carried out at the laboratories at Kharkiv State University of Food and Trade (Ukraine).
Detailed description of the experimental setup of a rotor film device, as well as materials and methods of research into compositions of multicomponent natural semi-finished products, are given in paper [15].
Improvement of RFD and the technique for producing high-quality multicomponent natural semi-finished products
It was proposed to intensify the concentration process by attaining the required technological parameters through the improvement of a heat exchange system of RFD. This would make it possible to produce multicomponent natural pastes with an elevated content of BAS and medicinal-preventive properties.
Improvements were carried out using, as an infrared heater, a flexible film resistive electric heater of the radiation type (FFREHRT), which enables a similar geometrical shape of the device [16] . Its use made it possible to decrease inertia and metal consumption of the basic structure of RFD, as well as to simplify its automation system. Fig. 1 shows the improved rotor film device. Fig. 1 . Setup of the rotor film device: 1 -casing of device; 2 -FFREHRT; 3 -insulating material; 4 -product input nozzle; 5 -product output nozzle; 6 -output of secondary vapor; 7 -separator; 8 -drive pulley; 9 -rotor shaft; 10 -hinge blade; 11 -rotating shaft sealing system; 12 -distributive ring
The proposed setup consists of a casing of rotor evaporator 1, flexible film resistive electric heater of radiation type 2 whose outer surface is wrapped with insulating material 3, nozzles of product input 4 and output 5, nozzle of the secondary vapor output 6, separator 7, drive pulley 8, shaft rotor 9, equipped with hinge blades 10, and rotating shaft sealing system 11 with distributive ring 12.
The structure operates in the following way. A product, for example a multicomponent natural puree, is fed to the input nozzle, located in the upper part of casing 1. After that, puree arrives in distributive ring 12, where it is shaped in the form of a liquid film on the heat exchange surface. Heating of the operation surface is carried out by FFREHRT 2. The outer surface of FFREHRT is wrapped with insulating material 3.
Rotor 9, equipped with rotating shaft sealing system 11, has hinge blades 10, mounted on it, which move a thin film of the product to discharge nozzle 5.
The improvement enables intensification of the process of concentration of natural raw material by ensuring uniformed heating of the operation space of the device and by employing acceptable temperature mode (50...60 °C). In this case, a decrease in resource consumption, in the dimensional and weight characteristics of RFD is provided, and therefore, the cost of such devices, as well as maximal retention of the quality of processed raw material. The formulation ratio of natural components in multicomponent compositions, given in Table 1 , was proposed in order to test the improved RFD. According to the developed technique, ripe fruits of cranberry and hawthorn are washed, examined, their sterns and pits are removed [17] . The fruits of cranberry and hawthorn are blanched separately in 1...2 % solution of citric acid at temperature of 60…70 °C for 3...6 min in the multifunctional device in order to stabilize the polyphenolic complex and to soften the fibers [5] . Then, they are pulped, removing skin and pits at a double pulping machine with sieve diameters of 1.0...1.2 and 0.4...0.6 mm. The skin and pits with the residual pulp are boiled for 4...8 min; the obtained mass is repulped at the same machine in order to increase the output of finished products and enable a waste-free technology [5] .
Apple puree is prepared according to the acting technological instructions for producing the fruit and berry purees [5] .
Next, the mass from cranberry and hawthorn, the pulped mass of concoction from the skin and pits of these berries, and apple puree is mixed and stirred. Blending of natural components was carried out in accordance with the proposed formulation ratio of the raw materials in compositions with a different mass content (Table 1) . Their color formation will be subsequently examined in order to confirm maintaining the quality of the obtained semi-finished products.
The resulting mass was preheated to a temperature of 35 °C and boiled in RFD at a temperature of 50...60 °C for 0.65...0.8 min to the content of 25...30 % of DM. Next, the mass obtained is packaged at a temperature of 55 °C, sealed, sterilized, and marked. Applying moderate temperatures during concentration (50...60 °C) prevents significant losses of biologically valuable substances and helps maintain medicinal-prophylactic properties. Based on the result of experimental research, it was found that in the course of blending multicomponent natural purees, the strength of the resulting structure changes. This is due to the redistribution of moisture by the forms of bonds, which affects a change in the structural-mechanical properties of a semi-finished product [16] . This prompted us to study a change in the properties of puree-like compositions according to the formulation ratio (Table 1) applying the proposed technique.
Apple raw material was used as a control sample when examining structural-mechanical properties of multicomponent puree-like semi-finished products. Based on the result of research, the curves of DFD with a distribution of pores by the radius, shown in Fig. 2 , were derived for the samples of compositions with a different content of natural raw materials. An analysis of the obtained diagrams of DFD for the proposed components in the composition and the dense arrangement of DFD curves makes it possible to make a conclusion about the absence of a dominating impact from any of the samples when changing the content of components.
This indicates insignificant changes in the dispersion of the resulting food mass in the proposed formulation ratios. A comparison of the maximum values of DFD for the examined multicomponent samples confirms an increase in the dispersion compared with control. Specifically, it was established that the maximal values of DFD for the studied samples shift toward small radii of pores by 2…2.2 times.
Based on the results of mathematical processing, the procedure for which is given in paper [18] ) confirm that the dispersion in the studied samples differs insignificantly.
By comparing the effect of adding cranberry on dispersion of the obtained puree, taking into account the valued obtained for the mean radii of microcapillaries, it is possible to argue that an increase in the dispersion of the obtained puree is observed at an increase in the content of cranberry from 25 to 30 % (compositions 1b and 1a). At an increase in the content of cranberry up to 40 %, on the contrary, we observe a decrease in dispersion. Given that the mean radii of puree in compositions 1a, 1b, and 1c differ by 10 %, the effect of the concentration of cranberry components on the strength of the resulting food mass is minimal.
Therefore, it was confirmed that the estimation of dispersion of a multicomponent natural puree for the mean radius of pores r allows determining and comparing the effect of each component on the obtained dispersion and structure of a semi-finished product.
To confirm retention of BAS and medicinal-preventive properties of multicomponent natural compositions of pastes at different stages of their production, we studied color characteristics in stages.
Determining color characteristics of each component in the puree-like form (apple, cranberry, and hawthorn) was studied at the first stage.
Based on the results, it was established that apple is characterized by high values of reflection coefficient in the greenish-yellow component, which is explained by the greenish-yellow coloration of its flesh. Low values of reflection coefficients for cranberry and hawthorn are explained by the bright red and orange colors compared to apple.
Rational wavelengths that are responsible for the dominating tone, and color tone purity in the samples, were established. For apple, it is 573.8 nm with a tone purity of 65.6 % and corresponds to greenish-yellow color. For cranberry, it is 597.7 nm; a tone purity of 77.8 % characterizes bright red color. For hawthorn, tone purity is 89.1 % (590 nm), color is orange.
The second stage implied determining and analysis of color characteristics of the resulting multicomponent natural puree (Table 2 ) upon blending components according to formulation, Table 1 .
The wavelength, which dominates the sample of puree 1a, is 610.8 nm and characterizes the reddish-orange color with a color tone purity of 76.4 %. For samples 1b and 1c, it is 614.5 and 616.1 nm, respectively. For sample 1b, the value of tone purity at 70.7 % corresponds to reddish-orange color. The tone purity of 78.1 % in sample 1c characterizes the reddish-orange color.
The third stage implied obtaining color characteristics of the compositions of multicomponent natural pastes using the known content of components (Table 1) . Concentration of multicomponent natural puree was carried out in accordance with the technological process, specified in the methods of research. Analysis of the obtained reflection spectra made it possible to establish that the minimal component of blue color (z) for paste sample 1a was 0.489, samples 1b and 1c are characterized by values of 0.777 and 0.528, respectively (Table 3) .
The wavelength, which dominates in paste sample 1a, is 610 nm and corresponds to reddish-orange color with a tone purity of 77.6 %. For pastes 1b and 1c, it is 613.4 and 614.1 nm, respectively. For sample 1b, the value of tone purity at 64.0 % corresponds to reddish-orange color. Sample 1c is also characterized by reddish-orange color because it has tone purity at the level of 78.9 %.
Comparison of the visual color characteristics of the samples (Tables 2, 3 ) confirms the retention of colors in the puree prior to thermal treatment, and concentrated pastes. Retention of color characteristics during concentration confirms minimal physical-chemical changes during thermal treatment and maximal retention of BAS, as well as medicinal-prophylactic properties, of the finished producta paste. This has become possible due to the use of the improved RFD.
The final stage of the study on confirming the quality of the obtained semi-finished products implies conducting sensory evaluation of the resulting finished product of multicomponent natural pastes according to the procedure of the European organization for quality control of food products. Results of expert assessment are given in Table 4 . Data analysis indicates the best quality of the multicomponent natural paste with the introduction to the total mass of raw materials of 60 % of apple puree, cranberry in the amount of 30 %, hawthorn in the amount of 10 % (sample 1a).
The introduction of cranberry and hawthorn in large quantities negatively affects the taste properties of products, if they are introduced in smaller quantities, it leads to a decrease in food value and worsens organoleptic characteristics of the product.
6. Discussion of results obtained when producing highquality multicomponent natural semi-finished products using the improved RFD
The results obtained are explained by the efficiency of the proposed technical solution that implies the improvement of a heat exchange system at RFD by using FFREH-RT, as well as by employing the applicable thermal mode (50...60 о С) for the concentration of multicomponent natural semi-finished products.
The applicable technical characteristics of the chosen FFREHRT made it possible to obtain such a result because it is characterized by low temperatures at its surface (35...70 о С), low inertia and metal consumption, it can repeat the geometry of the operating chamber of devices and is easy to automate. That is why its application is promising as it allows decreasing the inertia and metal consumption in basic designs of RFD and ensuring the required temperature mode of concentration.
The presented technique for producing multicomponent natural pastes according to the formulation ratio will enable obtaining combined natural semi-finished products with a high content of BAS and medicinal-preventive properties. An analysis of the combined semi-finished products according to DFD will make it possible to determine and compare effect of each component on the obtained dispersed structure of a semi-finished product. The benefits of present research as compared to existing analogues include, first of all, the creation of an applicable technological solution for the intensification of heat exchange at RFD, which would enable a significant enhancement of technical parameters of these devices and a decrease in their cost. Implementation of the proposed formulation composition of a multicomponent natural paste and the improved design of RFD in the food industry will ensure production of high-quality semi-finished products with a significant content of BAS and medicinal-preventive properties.
Obtaining fruit multicomponent compositions was studied earlier at the classic design of RFD [6] . In this case, heating of its working chamber was carried out by an electric spiral electric heater and intermediate fluid PFSM. Such a heating system was characterized by inertia, metal consumption, non-uniformity of heating, complexity of operation and automation. These technical drawbacks were eliminated by the proposed innovative solution.
When preparing fruit multicomponent compositions, little attention was paid to the food value of obtained semi-finished products. That is why an example of the formulation ratio of the paste, based on apple, cranberry and hawthorn, was proposed. The selected components are characterized by a significant content of BAS and medicinal-preventive properties. The presented solution for determining the structure of semi-finished products depending on the mass content of each selected component would make it possible to define the obtained structure of natural compositions in advance. With respect to the results of retention of color characteristics and quality indicators of the multicomponent semi-finished products, it is possible to consider that the improved design of RFD does not have any technical drawbacks identified so far. However, it is worth noting that the application of the results obtained is possible only in the case of a necessity to study the obtained structural-mechanical properties of natural compositions with other components. Further research is planned into production of high-quality natural semi-finished products without the removal of pits. This would ensure artificial natural enrichment of products to be obtained with a variety of useful substances, as well as waste-free production.
Conclusions
1. We have improved a heat exchange system of rotor film devices (RFD) by using, as a heater, a flexible film resistive electric heater of the radiation type (FFREHRT), which repeats the geometry of a working chamber of the device. This ensures the applicable temperature mode (50...60 °C), a decrease in resource consumption, dimensional and weight characteristics of RFD, and hence the cost of such devices.
2. We have substantiated a technique for the production, as well as a formulation ratio of multicomponent natural pastes, based on apple, cranberry and hawthorn. The selected components are characterized by a considerable natural content of BAS and medicinal-preventive properties.
3. The influence of mass share of each component on a change in the structural-mechanical properties of the obtained natural multicomponent semi-finished products was established. An increase in the dispersion of the obtained puree at an increase in the content of cranberry from 25 to 30 % was confirmed. On the contrary, the dispersion decreased at a subsequent increase in the content of cranberry to 40 %.
4. We have confirmed the retention of color characteristics of multicomponent compositions of puree prior to concentration and of the obtained pastes in the acceptable temperature mode (50...60 о С). Therefore, the content of BAS and medicinal-prophylactic properties were preserved in the paste of the reddish-orange color that is attractive to consumer.
Introduction
Continuous quality assurance and safety of products (chilled meat and meat products) is a top priority for specialists in the meat industry. Fresh meat has a very limited shelf life, which creates difficulties for manufacturers and poses a potential threat to consumers. Given this, selling meat products is geographically restricted by the place of production while transportation and storage requires special conditions.
In the process of storage and processing meat can be subjected to various types of damage: tanning, mucus forming, mold, rotting, change in color. The specificity of storing meat in semi-carcasses is the fact that not so many protection techniques are applicable. Given a complex geometric shape of a semi-carcass, the use of traditional packaging means
